ABSTRACT: Five scaled model tests of reinforced foundation with different reinforcement length and depth (layer numbers) as well as one contrast test of unreinforced foundation were carried out using transparent technique. The evolution of displacement field in the reinforced foundation and procedure of slide failure under strip loading were investigated. The results show that during the settlement of strip footing, horizontal displacement accumulates firstly in the unreinforced zone near the lower right and left corner of the reinforced zone, and then extends upward to reinforcement layers, which causes the tensile failure of the reinforcements successively from bottom to top and at last forms macro shear failure surface. Two stress diffusion zones are formed during the settlement of the strip footing. The two zones extend downward along the bend section of each reinforcement layers and the trip footing edges, respectively. The stress diffusion angle along the bend section is 2.5 times of that along the strip footing edges. Both of reinforced and unreinforced foundations fail in Prandtl slide mode. The depth and width of the slip surfaces increase with an increase of reinforced depth and reinforcement length.
INTRODUCTION
During the past three decades, reinforced soil foundation has been considered as a promising means of ground modification. The benefits of placing reinforcements beneath the footings to increase the bearing capacity and to reduce the settlement of foundation were widely recognized. In order to investigate the role of reinforcement in reinforced soil foundations, many experimental, numerical, and analytical researches have been carried out by several investigators (e.g., Binquet and Lee, 1975; Huang and Tatsuoka, 1990; Latha and Somwanshi, 2009; Chen and Abu-Farsakh, 2015) . Most of these papers focused on evaluating the geometric parameters for various reinforcements in different soils that would contribute to the ultimate bearing capacity of reinforced soil foundation. However, it is difficult to investigate the mechanism of progressive failure because of the inner deformation process of reinforced soil foundation cannot be directly studied.
The transparent granular soils have become a useful tool for various geotechnical applications to overcome the invisibility of natural materials. Ahmed et al. (2011) analyzed the tunneling-induced ground movements using transparent soil models. In particular, the interactions between soil and geosynthetic reinforcement were quantified on the basis of laboratory pullout tests or direct shear tests by Bathurst (2014, 2015) .
The purpose of this paper was to reveal the evolution of displacement field in the reinforced foundation and procedure of slide failure under strip footing. Several laboratory model tests with various parameters (typically the length and depth of reinforcement) were performed using the transparent soil technique. Images of reinforced foundations (before and after deformation) were recorded by a digital camera.
LABORATORY MODEL TEST

Test apparatus
The main components of the experimental apparatus included a test box, a loading system, a laser transmitter and a digital camera, as shown in Fig. 1 . The box with inside dimensions of 500 mm (length) × 85 mm (width) × 500 mm (height), was made of 19 mm-thick tempering glass. Each side of the box was restrained by steel beams to ensure the plane strain condition. The strip footing consisted of steel plate had a width of 40 mm (B) and a length of 83 mm. An abrasive paper was cementing onto the base of strip footing using glue to simulate the rough bottom condition.
An electronic universal testing machine named WDW-600KN was used to apply static vertical loads. It was confirmed that the strip footing was located at the mid of model foundation before each test. All of these tests were conducted under a displacement control of 1.0 mm/min. The laser transmitter had a maximum output power of 150 mW and a wavelength of 650 nm. All of the tests should be conducted in the dark to avoid the effects of other light source. The Canon EOS 500D, a digital camera with a resolution of 2592 × 1728 pixels, was applied to capture images during the tests. The camera was set a section of distance away from the test box with its optical axis perpendicular to the laser sheet plane. It was controlled by the PC through the software "EOS-Utility" provided by the camera manufacturer.
Material properties
The transparent soil can been seen as the mixture of transparent material and transparent fluid with a matching refractive index. In this paper, high purity fused quartz consist of 99.99% SiO 2 was used as the transparent material. The physical properties of the fused quartz are shown in Table 1 .
The transparent fluid was consisted of colorless 3# and 15# mineral oil with a 1:3 mixture ratio by volume, and it has a refractive index of 1.4587 at 20 C.
For all tests, only one type of polyamide net was used as the reinforcement. . The boundary effect on the tests could be neglected in this paper according to Michalowski (2004) . The influences of different parameters contributing to the performance of reinforced soil foundation were examined by several authors (e.g., Sharma et al., 2009; Michalowski and Shi, 2003; Yamamoto and Kusuda, 2001) . These mainly include the total depth of reinforcement (D r ), the vertical spacing between reinforcement layers (h), and the length of reinforcement. Sharma et al. (2009) introduced that the optimum vertical spacing between reinforcement layers (h) was 0.2B-0.5B (B is the width of strip footing) based on the model tests. In this paper, the vertical spacing between reinforcement layers (h) was a constant of 0.25B. Five scaled model tests of reinforced foundation with two cases of reinforcement length (L=3B, 7B) and three cases of reinforced depth (D r =0.5B, 1B, 1.5B) were carried out, as given in Table 3 . 
Model foundation preparation
The transparent fluid consisted of colorless 3# and 15# mineral oil with a matching refractive index to fused quartz was prepared carefully. Pour the transparent fluid into the test box and let it stand for a few minutes. Drop the clean and dry fused quartz into the test box using a spoon. At the same time, stir the mixture with a glass rod to eliminate the air in the samples.
The samples were compacted in 20mm thick layers using a small shaking table. For each layer, the prescribed mass of fused quartz was poured into the test box and compacted to the desired relative density of 85%. On reaching the prescribed depth, the top surface was leveled and a layer of reinforcement was placed on the surface of fused quartz. These steps were repeated until the total depth of ground arriving at 240mm. The letters were visible and clear through a total of 16 mm of tempering glass and 85 mm of foundation sample, as shown in Fig. 3 . 
RESULTS AND DISCUSSION
Evolution of displacement field in the reinforced foundation
Comparing the results for all tests, the deformations of the reinforced foundation are found to share the similar features. In order to explain the evolution of displacement field easily, the result of test No. 3 (L=3B, D r =1.5B) is taken as an example. Fig. 4 shows the contour of horizontal displacement in the foundation under different slab settlement. In these figures, it is found that the horizontal displacement firstly occurs in the unreinforced zone near the lower left and right corner of reinforced zone. The horizontal displacement constantly accumulated during the test procedure. On the settlement of footing reaching 26 mm, the horizontal displacement begins spreading into the reinforced zone from the bottom up. It is observed that three bottom reinforcements ruptured sequentially from the bottom up, as shown in Fig. 5(a) . On the settlement of footing reaching 37 mm, all of the reinforcements are ruptured and a macro shear failure surface is formed, as shown in Fig. 5(b) . 6 is the contour of vertical displacement in the foundation under different slab settlement. In these figures, the contour of vertical displacement is spread to the side. The vertical deformation map under the footing could be divided into three blocks, as shown in Fig. 6(b) . Block  is surrounded by two lines from the edge of the rigid footing. The vertical displacement in this zone is directly affected by the settlement of the footing. Reinforcements in block  would bend with the settlement of rigid footing increasing. The vertical displacement in this zone is influenced by the drawing force from the downward reinforcements in block . Because of the insignificant effects from the settlement of footing and drawing force, the vertical displacement in block  was small. The contour of vertical displacement in block  will not be symmetric while the settlement of footing is greater than 26 mm. The vertical displacement at the lower right corner increases obviously.
(e) s=30mm (f) s=37mm Figure 6 . Contour of vertical displacement in the foundation under different slab settlement.
The modulus of reinforced zone is higher than that of unreinforced zone, so the reinforced foundation could be seen as a two-layer soil system. The additional stress in foundation would diffuse downward according to an angle (θ), which is defined as stress diffusion angles. As shown in Fig. 6(b) , two stress diffusion zones are formed during the settlement of the strip footing. The stress diffusion angles in the two zones are 12° and 30°, respectively. Thus, the stress diffusion angle along the bend section was 2.5 times of that along the strip footing edges. Normally, the stress diffusion angle along the bend section was considered as that of reinforced cushion in Sharma et al. (2009) . In practical engineering, the stress diffusion angle of reinforced cushion is in the range of 28° to 38°. The diffusion angle obtained in this paper is well in accordance with this range.
It is notable to investigate the process of reinforcement rupture in this paper. At the beginning, the lateral deformation of reinforced zone immediately beneath the footing is restrained because of lateral restrain effect provided by reinforcements. During the settlement of trip footing, horizontal displacement accumulates in the unreinforced zone near the lower right and left corner of the reinforced zone, and then extends upward to reinforcement layers, which causes the tensile failure of the reinforcements successively from bottom to top and at last forms macro shear failure surface.
.5B Figure 7 . Contour of resultant displacement at foundation failure. Fig. 7 shows the contour of resultant deformation at foundation failure. It should be noted that large displacement occurred in the left boundary of the foundation in Fig.  7(c) . This was due to the low quality in the left part of the images which caused the images could not be well recognized by analysis software. As shown in Fig. 7 , both of reinforced and unreinforced foundations failed in Prandtl slide mode. The shear failure surface occurred all the way through the whole reinforced zone and all of the reinforcements are ruptured at the slip surface. For all tests, with the increase in the depth and length of reinforcements, the shear failure surface is expanded. It should be pointed out herein that the foundation failure was non-symmetric in the tests. This was characteristic phenomenon of deformation processes in strain-softening materials. Since the dilatancy in the dense sand was associated with softening of the material, once the sand softened more on one side of the footing, the process continued in that direction (Michalowski, 2003) .
CONCLUSION
Five scaled model tests of reinforced foundation with different reinforcement length and depth (layer numbers) as well as one contrast test of unreinforced foundation were carried out using transparent technique. The conclusions drawn from tests results are summarized as follows:
(1) During the settlement of strip footing, horizontal displacement accumulates firstly in the unreinforced zone near the lower right and left corner of the reinforced zone, and then extends upward to reinforcement layers, which causes the tensile failure of the reinforcements successively from bottom to top and at last forms macro shear failure surface.
(2) Two stress diffusion zones are formed during the settlement of the strip footing. The two zones extend downward along the bend section of each reinforcement layers and the trip footing edges, respectively. The stress diffusion angle along the bend section is 2.5 times of that along the trip footing edges.
(3) Both of reinforced and unreinforced foundations fail in Prandtl slide mode. The depth and width of the slip surfaces increase with an increase of reinforced depth and reinforcement length.
